The study analyzed the influence of synovitis on the histological and biomechanical properties of lateral-compartment cartilage. In a prospective cohort study, 84 patients (100 knees) with varus deformity of the knee were included. Osteochondral samples from the distal lateral femur underwent biomechanical and histologic analysis. Synovial tissue was sampled for histological (chronic synovitis score) and immunohistochemical evaluation of the degree of synovitis. CD15 (neutrophils), Ki-67 (dividing cells), and CD68 (macrophages) were tested in all synovial samples. While the histological synovitis score did not correlate with the degree of cartilage degeneration (histological OARSI grades), both CD15 (r s ¼ 0.297, p ¼ 0.006) and Ki-67 (r s ¼ 0.249, p ¼ 0.023) correlated with histological OARSI grades. There was a weak negative correlation of CD15 with biomechanical properties of cartilage of the distal lateral femur (aggregate modulus (Ha): r s ¼ À0.125; p ¼ 0.257; dynamic modulus (DM): r s ¼ À0.216; p ¼ 0.048). No correlations were observed for Ki-67 and CD68. In addition, biomechanical properties were inferior in knees with a CD15 of >8/high power field compared to knees with a CD15 of 8/high power field (Ha:
Osteoarthritis (OA) has long been considered as a non-inflammatory disease with the breakdown of articular cartilage as result of wear and tear. 1 The main characteristic of OA is progressive cartilage degeneration. There is increasing evidence that osteoarthritis is not solely a disease of the cartilage but also involves the synovium and the subchondral bone. [2] [3] [4] [5] [6] The role of synovial inflammation in the progression of OA has attracted particular attention. 5, 7 The intra-articular release of inflammatory mediators may be the trigger for the initiation of OA or may contribute to its progression. 8, 9 It is unclear whether synovitis plays a role in the disease progression of osteoarthritis or occurs as a secondary phenomenon.
2 Intra-articular inflammation is associated with cartilage softening 10 and may promote more rapid cartilage degeneration. 11, 12 One of the most important criteria for unicompartmental knee arthroplasty (UKA) and high tibial osteotomy (HTO) is intact cartilage in the lateral compartment. 13 When surgeons consider recommending medial UKA, an important consideration is the quality of lateral-compartment cartilage, since progression of lateral-compartment arthritis is a common cause of failure of medial UKA. The preoperative identification of knees with inflammatory changes associated with poor biomechanical properties of lateral cartilage might improve long-term survival of UKA.
Krenn et al. 14, 15 introduced a histopathological synovitis score that grades the thickening of the synovial lining cell layer, stromal cellularity and an inflammatory infiltrate. While it is an excellent tool to differentiate between low-and high grade synovitis, it does not correlate with the biomechanical properties of macroscopically intact cartilage (Outerbridge grade 0/1) in the human knee. 10 The current study aims to evaluate whether immunohistochemical synovial markers like CD15, Ki-67, and CD68 are correlated with histological and biomechanical cartilage properties. CD 15 is predominately expressed on neutrophil granulocytes and has been shown to be a robust diagnostic marker for inflammatory reactions. 16 The nuclear antigen Ki-67 is closely associated with cellular proliferation. Due to this association with cell division, Ki-67 has been used to identify proliferating cells of the inflamed synovium. 17 The observation of leukocytic synovial infiltration with the presence of CD68 positive macrophages has also been well described in the literature. 18, 19 Therefore, the following research questions were asked: (i) Is there a correlation between the histopathologic synovitis score and the immunohistochemical markers CD15 (neutrophils), Ki-67 (proliferating cells), and CD68 (macrophages), respectively? (ii) Do histopathologic synovitis score and immunohistochemical markers correlate with the histologic degree of cartilage degeneration in the lateral compartment of the knee? (iii) Is there a correlation between CD15, Ki-67, and CD68 and biomechanical cartilage properties?
METHODS
The current study represents a retrospective analysis of a dataset collected for a previous prospective study 20 including 100 knees in 84 patients who underwent primary total knee arthroplasty (TKA) between May 2010 and January 2012 (diagnostic study, Level of Evidence II).
All patients had degenerative osteoarthritis predominantly in the medial compartment of the knee and varus alignment as observed on AP hip-to-ankle standing radiographs. The following patients were excluded from the study: Patients with secondary OA, rheumatoid arthritis, or patients with neutral or valgus alignment observed on hipto-ankle standing radiographs. The study was approved by the institutional review board and all participants signed an informed consent.
Sixteen knees were excluded from the study because the indenter did not reach equilibrium during biomechanical testing and no meaningful data could be obtained from the tests. The final data set consisted of 84 knees (72 patients; 39 females, 33 males; mean age 66 years (range, 49-87 years); mean BMI was 26.0 kg/m 2 (range, 17-47 kg/m 2 )). An 8-mm Osteochondral Autograft Transfer System (OATS; Arthex, Naples, FL) was used to harvest osteochondral plugs from the distal lateral femur. A synovial tissue sample was obtained from the suprapatellar pouch along the anterior distal femur. In order to standardize the diagnostic approach, synovial biopsies were always taken from the suprapatellar pouch.
The testing of the biomechanical cartilage properties and the histological cartilage assessment were described in the authors' earlier work. 10, 20 In a standardized setup, a compressive load of 20 g was applied at a rate of 5 g/s and held for 1 h to determine aggregate modulus (Ha) and dynamic modulus (DM), respectively. The mean displacement observed during biomechanical testing was 0.296 mm (range, 0.075-0.801).
The histological and immunohistochemical testing were performed in accordance with the DIN ISO/IEC 17020 standards. The following immunohistochemical markers were tested on all synovial specimens: CD15 (neutrophil granulocytes), Ki-67 (proliferating cells), and CD68 (macrophages). Immunohistochemical staining was carried out in a fully automated staining system (BenchmarkXT, IHC Slide Stainer, Roche, Ventana Medical Solutions). The sections were first deparaffinized with xylene and an ethanol series, and cell conditioning was carried out using Cell-Conditioning 1 (CC1) at 95˚C for 8 min, followed by a mild cell conditioning for 30 min. The anti-CD15 antibody (clone MMA, Roche, Basle, Switzerland)-a monoclonal murine antibody-was used as the primary antibody (ready-to-use, according to Roche undiluted). The primary antibody served for specific identification of CD15. The sections were incubated with the antibody for 32 min. DAB (3,3-diaminobenzidine; DAKO Denmark) was used as the chromogen for the reaction with the peroxidase. The endogenous peroxidase was blocked by prior addition of H 2 O 2 . Haematoxylin (Harris, from Surgipath, Richmond, IL) was used for counter-staining. Negative controls were produced by omitting the primary antibody and these were examined.
All cartilage samples were histologically analyzed using the OARSI histological grading system. 21 Forty-six percent (n ¼ 39) of the knees had an OARSI grade 0, 32% (n ¼ 27) an OARSI grade 1, 11% (n ¼ 9) an OARSI grade 2, 4% (n ¼ 3) an OARSI grade 3, 5% (n ¼ 4) an OARSI grade 4, and 2% (n ¼ 2) an OARSI grade 5. Inflammation of the synovium was assessed from 0 (no inflammation) to 9 (strong synovitis) using a previously validated histopathological classification system. 14,15 The Krenn histological synovitis score is divided in the following components: Intimal hyperplasia, inflammatory infiltration, and stromal cellularity. The severity of synovitis is assessed in each component from 0 (absent) to 3 (strong), resulting in a final score from 0 to 9. The distribution of synovitis severity with a maximum score of 5 in the present study resembled a cohort of knees with degenerative joint disease. Fourteen percent of the knees (n ¼ 12) had no synovitis (score 0-1), 82% (n ¼ 69) had a low-grade synovitis (score 2-4), and 4% (n ¼ 3) a high grade synovitis (score 5), respectively. The cohort was split into two groups to further assess the influence of an increased synovial neutrophilic granulocyte infiltration (CD15) on biomechanical cartilage properties of the distal lateral femur. Group 1 comprised synovial tissue samples with a CD15 count of 8 per high power field (HPF) (n ¼ 54), group 2 contained the remaining samples with a CD15 count of >8/HPF (n ¼ 30) ( Table 1 ; Fig. 1 ).
Excellent intra and interobserver reliabilities (intra class correlation coefficients >0.9) were previously reported for measurements of leg alignment on AP hip-to-ankle standing radiographs 22 and for the histological analyses of cartilage samples. 10 
Statistical Analysis
The distributions of all variables were examined in exploratory data analyses, and tested for normality. The Mann-Whitney U-test or Kruskal-Wallis test was performed to compare the distribution of variables as not all parameters met the criteria for a normal distribution. The Spearman rank correlation (rs) was used for nonparametric correlations. The p-values less than 0.05 were considered significant. Correlation was classified as poor (0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), or excellent (0.81-1.00). 23 Power analysis was performed in G-power (G Ã Power Version 3.1; University of Dusseldorf, Dusseldorf, Germany) for the Mann-Whitney U test using an alpha of 0.05, a power of 80%, and a sample size of n ¼ 84 resulting in a detectable effect size (d) of 0.3. Means and SD units were used to calculate the standardized mean difference (SMD). Statistical tests were carried out using SPSS 24.0 software for Apple (SPSS Inc, Chicago, IL).
RESULTS
The mean histological synovitis score was 2.3 (median 2; SD 0.9). In knees with a low synovitis score, intimal hyperplasia, and activation of stromal cells were the predominant histological features. With higher synovitis scores, inflammatory infiltration became also evident ( Table 2 ). The mean CD15 count was 10.6 per HPF (median 6, SD 1.4), the mean Ki-67 count was 36.6 per HPF (median 22; SD 7.0), the mean CD68-synovium count was 1.7 per HPF (median 2; SD 0.7), and the mean CD68-subsynovia count was 1.6 per HPF (median 1; SD 0.7). The histological synovitis score showed a fair correlation with CD15 (r s ¼ 0. 
DISCUSSION
The current study showed a fair correlation of the histological synovitis score with CD15 and CD68 counts. While the histological synovitis score did not correlate with the degree of cartilage degeneration (histological OARSI grades) both CD15 and Ki-67 correlated with histological OARSI grades. In addition, knees with CD15 counts of more than 8/HPF (n ¼ 30) showed decreased biomechanical cartilage properties. Each of the three components is graded on a scale from 0 to 3, yielding a final score from 0 to 9. This table illustrates the frequency in which the respective subgrades contributed to the final score. For example, mild intimal hyperplasia (grade 1) was seen in 93% of knees with a total synovitis score of 2; however, inflammatory infiltration was rare in these samples.
SYNOVIAL INFLAMMATION INFLUENCES CARTILAGE BIOMECHANICAL PROPERTIES
The current study has the following limitations: (i) The histological and immunohistochemical analysis were not performed in the same laboratory and at the same time point. However, all analyses were performed under standardized conditions by qualified personnel. (ii) As previously stated, 20 no interobserver reliability analysis for the histologic cartilage assessment was performed. The intraobserver reliability, however, was excellent and all samples were analyzed in consensus with a board-certified pathologist with extensive experience in musculoskeletal pathology (GP). (iii) Synovial tissue was always obtained from the suprapatellar pouch. In knees with advanced cartilage degeneration in the lateral compartment, inflammatory changes observed in the synovium of the suprapatellar pouch possibly underestimate the full extent of inflammation seen in synovial samples adjacent to the lateral compartment. 4 The dynamic modulus might be underestimated in the current study due to the relatively slow loading rate. A slow loading rate was chosen as in some samples no equilibrium between cartilage and indentor was reached at higher rates.
The mean and median chronic synovitis score in the current study were equivalent to previously reported data in osteoarthritic knees. 14, 24 There is increasing evidence linking synovial inflammation to the pathogenesis of osteoarthritis. 25 Eighty-two percent (69/84) of the knees in the current study had evidence of low grade synovitis which confirms that mild inflammation is frequently observed in the synovium of knee with osteoarthritis.
Inflammatory arthropathies such as rheumatoid arthritis (RA) are characterized by a high degree of cellular proliferation with strong expressions of synovial Ki-67 and CD68. 17, 26, 27 In the present study of osteoarthritic knees, however, only a mild increase of stromal cellularity and intimal hyperplasia was observed ( Table 2 ). As expected in degenerative knees, moderate intimal changes with multinucleated cells, and moderately increased stromal cellularity were only seen in a few knees (n ¼ 7; Table 2 ). The overall weak correlations of Ki-67 and CD68 with the chronic synovitis scores can be explained by the fact that only knees with degenerative disease were included in the current study. The findings of the current study confirm the inflammatory activation of synovial tissue in osteoarthritic knees as 32% (27/84) had evidence of inflammatory infiltrates according to the chronic synovitis score. Recently, Ostijic et al. 28 reported on 10 patients with early signs of OA and 10 patients with advanced OA, respectively. The authors stated that knees with early OA had significantly higher (p < 0.001) histologic synovitis grades compared to knees with advanced degeneration. These findings are not in line with previous reports showing that the synovitis score has no discriminatory capacity within the category of low grade synovitis itself. 26 Inflammatory mediators released by synovial tissue in the pathogenesis of OA have catabolic effects on chondrocytes. In large cohort studies, knees with synovitis had more advanced radiographic signs of degeneration. 29 Ayral et al. 12 studied 422 OA patients in a 1-year multicenter study and showed an increase in cartilage degradation in knees with synovitis. This is the first study analyzing the correlation of synovial biomarker expressions with a validated histologic assessment of cartilage degeneration and with biomechanical cartilage properties in the human knee. CD15 and Ki-67 correlated with histologic OARSI grades. Even though these correlations were overall weak they indicate that increased inflammatory activity might be associated with cartilage degeneration.
The authors of the current study have previously shown that lateral-compartment cartilage in patients with elevated synovial fluid white blood cell counts has reduced biomechanical properties. 10 The histological synovitis score does not predict histological and biomechanical cartilage properties. In contrast to Ki-67 and CD68, CD15 does show a correlation with the biomechanical properties (aggregate modulus and dynamic modulus) of cartilage. Knees with increased synovial CD15 counts have mechanically inferior cartilage in the lateral compartment compared with knees with a CD15 count of 8/HPF. The current study suggests that inflammation plays a role in the progression of degenerative osteoarthritis. Differences in CD15 counts might predict biomechanical and histological cartilage properties and might function as a new synovial biomarker for degenerative osteoarthritis of the knee.
CONCLUSIONS
The current study provides evidence that increased CD15 counts correlate with histological cartilage grading (OARSI) as well as biomechanical cartilage properties. Based on the numbers available, a high CD15 count might serve as an indicator for inferior biomechanical cartilage properties of the distal lateral femur.
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